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ABSTRACT 

Komen, J., Wiegertjes, G.F., Van Ginneken, V.J.T., Eding, E.H. and Richter, C.J.J., 1992. Gynoge- 
nesis in common carp (Cyprinus carpio L. ). III. The effects of inbreeding on gonadal development 
of heterozygous and homozygous gynogenetic offspring. Aquaculture, 104: 5 l-66. 

The gonad development and fertility were compared for three offspring groups produced by full-sib 
mating (FS group: F=0.25), gynogenesis by retention of the second polar body (2PB group; Fun- 
known) and gynogenesis by endomitosis (EM group: F= I ), using the same common carp female. 
2PB offspring were all female, but the homozygous EM offspring consisted of 5OW males and inter- 
sexes which were homozygous for a recessive mutant sex-determining gene. Another mutant, affecting 
pigmientation in eggs, was likewise detected in the EM offspring but not in the 2PB offspring. 

Thle variation in body weight, gonad weight and egg size in each group increased with increasing 
degree of inbreeding. FS and 2PB offspring were comparable in mean gonadal development, but go- 
nads from homozygous gynogenetic carp were often retarded. The ovulation response significantly 
decreased with increasing levels of inbreeding. Yields of normal fry were reduced in crosses involving 
milt from FS males and eggs from FS and 2PB females as compared with crosses with eggs or milt 
from hM animals. FS eggs fertilized with EM milt gave significantly better yields of normal fry than 
any other group. Taken together these results suggest that 2PB gynogenetic offspring are largely het- 
erozygous for many deleterious genes affecting reproduction. In contrast, homozygous EM offspring 
dispiay considerable inbreeding depression in gonad development but recessive lethal genes are ex- 
cluded from the genepool. 

INTRODUCTION 

Gynogenesis is a useful tool for the rapid production of inbred strains of 
fish. Selected gynogenetic inbred strains and their crosses can be used for stock 
improvement (Wilkins, 198 1; Gjerde, 1988), for standardization of bioas- 
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says (Falconer, 198 1; Richter et al., 1987)) and for studies on the regulation 
of complex biological traits, e.g. the immune response (Kaastrup et al., 1989 ) 
or sex determination and differentiation (Komen and Richter, I 99 1) . 

If gynogenesis is achieved by suppression of the second meiotic division 
(heterozygous gynogenesis) then the resulting offspring will be homozygous 
except for those genes involved in recombination during meiosis (Nate et al., 
1970). The effects of inbreeding for a particular trait in such gynogenetic off- 
spring will therefore depend on the degree of homozygosity for the genes in- 
volved. Estimates of F in heterozygous gynogenetic offspring vary from 0.55 
in rainbow trout to 0.65 in common carp (Cherfas and Truveller, 1978; Nagy 
and Csanyi, 1982; Thompson, 1983; Thorgaard et al., 1983 ). 

Gynogenesis by inhibition of the first mitotic division (endomitosis) re- 
sults in duplication of the haploid genome (doubled haploids ) . The resulting 
offspring are fully homozygous (homozygous gynogenesis: F= 1) and subse- 
quent gynogenetic reproduction of selected homozygous fish produces a 
homozygous inbred strain of genetically identical fish (“clone”). Such gyno- 
genetic clones have been produced in zebrafish (Bruchydunio rerio; Streisin- 
ger et al., 198 1) and, recently, in common carp (Cyprinus carpio L.; Komen 
et al., 1991). 

Analysis of the phenotypic values of a trait in gynogenetic offspring with 
known degrees of inbreeding can provide information on the number of genes 
involved (one or more), the type of interaction between alleles and the pres- 
ence of deleterious mutations (Falconer, 198 1; Kincaid, 1983 ). 

In order to investigate the genetic control of reproductive traits in common 
carp and to estimate the extent of inbreeding depression evoked by gynoge- 
netic breeding, we compared the gonad development and fertility in three 
groups of offspring, produced by full-sib mating (F=0.25), heterozygous 
gynogenesis (F unknown ) and homozygous gynogenesis (F= 1 ), using one 
and the same outbred female. The fish were sampled once during gonadal 
maturation and once after completion of maturation. 

MATERIALS AND METHODS 

Experimental groups 
The single female and male used for the production of the experimental 

groups were full sibs, selected from the progeny of a cross of German (D) and 
Dutch (W ) carp stocks kept at our laboratory. They were free of any visible 
abnormalities and could be reproduced successfully. Eggs and milt were ob- 
tained and treated as described by Komen et al. ( 1988, 199 1). The milt was 
diluted 1: 3 with ice-cold 0.85% NaCl and 10 ml was LJV-irradiated (Philips 
15 W germicidal tube; 2200 J m* min- * at 253.7 nm) for 60-65 min to inac- 
tivate the genome. Heterozygous gynogenetic offspring (second polar body 
or 2PB group) were produced by giving eggs, fertilized with irradiated milt 
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and incubated at 24”C, a cold shock (0 O C for 45 min ) 1-2 min after fertil- 
ization. Homozygous gynogenetic offspring (endomitotic or E 
produced by giving similarly fertilized and incubated eggs a heat shock ( 40 * C, 
2 min) 30 min after fertilization. A full-sib group (FS group) was produced 
by fertilizing eggs with untreateci milt from the stock solution. 

The selected female was homozygous for a recessive gene determining scat- 
tered scalatior? f mirror carp: s/s ), and heterozygous for the two recessive al- 
leles of a dup’ilcat.ed gene involved in melanophore development (b 1, + / -b, 

b2 ) . Only homozygous b 1, b2/b 1, b2 animals have a yellow (“blond”) phen- 
otype due to reduced melanophore development (Komen et al., 199 1). The 
male was heterozygous for scaled (wild type: -t /s ) and normally pigmented. 
Cynogenetic offspring should contain no scaled fry (no paternal inheritance ) 

and 3-6% (2PB group ) or 25% (EM group ) blond fry. Full-sib progeny should 
consist of normally pigmented fry with 50% scale 

Fry were raised in 140-l aquaria with recirculating, filtered and UV-steri- 
lized water (25 “C ). They were fed freshly hatched Artemiu salina nauplii 
during the first 3 weeks after hatching, followed by vitamin-C-enriched trout 
pellets (Trouvit, Trouw, Holland) at a daily ration of 30 g/kg”m8 body weight. 
Mortality was assessed only at 8, 15 and 22 weeks 
any damage from handling. Six months after 
pled fish (mean body weight 200 g) from e 
transferred to each of three 800-l rectangular tanks with recirc 
(23 OC). All groups were fed trout pellets daily at 1% of their 
The flow rate through each tank was 20 l/min, maintaining the 
above S ppm. 

Assessment uf gunadal development 
Conadal development, expressed as proportional gonad weight (gonado- 

somatic index: GSI), maturation stage (% post-vitellogenic eggs) and post- 
vitellogenic egg weight, were assessed by random sampling 30 fish from each 
experimental group at 13 months (sample 1) and 19 months (sample 2 ) after 
hatching. Fish were killed by electrocution, weighed to the nearest 0.1 g and 
dissected. Gonads were weighed to the nearest 0.1 g and the GSI was calcu- 
lated as (gonad weight/total fish weight) x 100. Gonadal sex and sex ratios 
were determin by macroscopic examination. Gonads were scored as fe- 
male, male, or tersex (gonads containing both testicular and ovarian tis- 
sue) and the colour of the eggs was recorded. Two samples of 0.5-l .O g tissue 
were taken from the middle of the ovary. le was fixed in @a-for 
mounted in paraffin and sectioned at 10 Ions were stained with 
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maluin/eosin and classified by counting the numbers of previtellogenic, vi- 
tellogenic, post-vitellogenic and atretic oocytes present (Horvath, 1985 ) . The 
maturation stage was expressed as % post-vitellogenic oocytes per section. 
The second sample of tissue was weighed to the nearest 0.001 g, fixed in Ca- 
form01 and processed ‘cy separating and counting post-vitellogenic (yolky ) 
eggs. Egg size was expressed as N (number of eggs)/g (ovary tissue), and 
calculated as: number of eggs in sample (N)/wt sample (g). Samples from 
male and intersex gonads were taken from the middle of the organ and, in the 
case of intersex gonads, at the demarcation between ovarian and testicular 
tissue, and processed for histological examination. 

Assessment offertility 
Fertility, expressed as ovulation response after hormonal induction and as 

fertilization rate and yield of normal fry from ovulated eggs, was determined 
in randomly sampled females from the FS and 2PB group at 2 1 months after 
hatching. Fish from the EM group could not be sexed with certainty and were 
randomly sampled irrespective of their real sex. The procedures were re- 
peated at weekly intervals until 36 fish of each experimental group had been 
tested. 

One group of 6 FS fish and one group of 6 2PB fish were each injected with 
a priming dose of 0.8 mg carp pituitary suspension (cPS: Hydroquest Int., 
Rosemont, NY ) per kg body weight, and a booster dose of either 0.8 mg (con- 
trol, 2 fish), 1.6 mg (2 fish) or 3.2 mg (2 fish) cPS/kg body weight, to induce 
ovulation. Six EM fish were all injected with 0.8 mg and 3.2 mg cPS/kg body 

ht, since very few responding females were expected in thi 
interval between injections was 30 h. All fish were stripp 

receiving the booster injection (at 23°C; Horvath, 1985), killed by electro- 
cution and dissected. Stripped eggs, ovulated eggs that could not be stripped, 
and the ovary itself were all weighed separately to the nearest 0.1 g. The ovu- 
lation response was calculated as: (wt total ovulated eggs/wt (ovary + total 
ovulated eggs) ) x 100. Gonads from non-responding females were sampled 
for histological examination as already described. 

One randomly sampled male from the FS group was injected with a single 
dose of 1 mg @S/kg body weight and stripped 16 h later. The quality of the 
stripped eggs from each female, injected with 3.2 mg cPS, was determined by 
fertilizing 100 to 200 eggs with sperm from this FS male. Fertilization rate 
(o/o) was determined by counting white eggs and developing embryos after 24 
h of incubation (at 24°C). The yields of normal and deformed fry were de- 
termined after hatching (96 h ) and expressed as: (number of fry/number of 
incubated eggs) x 100. The fertility of milt of males from the E 
determined by fertilizing eggs from FS females. 
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Parameters and statistical analysis 
A Chi-square test for goodness of fit was used to compare observed fre- 

quencies of blond fry, male + intersex gonads, and gonads containing yellow 
eggs with the frequencies expected. The effect of inbreeding on gonadal de- 
velopment was assessed by comparing the mean weight, gonad weight, GSI, 
% post-vitellogenic eggs, and egg weight of each experimental group. Log 
transformed data were tested for homogeneity of variance but did not meet 
the requirements for analysis of variance (Sokal and Rohlf, 1969 ). Therefore 
differences between experimental groups were tested for significance 
(PC 0.05 ) using a Kruskall-Wallis test for k independent samples combined 
with Wilcoxon’s two-sample test (SAS ). Differences in variation between 
groups were compared by calculating the coefficient of variation for each 
parameter. 

Ovulation responses, fertilization rates and yields of normal and deformed 
fry were transformed using an arc-sin transformation (Sokal and 
and analysed with Duncan’s multiple range test (PC 0.05 ). 

RESULTS 

The observed frequencies of blond fry in the 2 group (3%) and 
( 23.3%)) as well as the observed frequencies scaled fry in the 
( 5 1.4%)) were not significantly different from the expected frequen 
were no scaled fry in groups, indicating the absence of pater- 

en 8 and 15 weeks after hatching was 
(37.0%) groups but nsiderably lower in 

gynogenetic groups 
and to less than 1% i group at 22 weeks after hatching and was negli- 
gible in all groups ( < 1%) in the period thereafter. 

Sex ratios 
Both samples from the 2PB group contained 28 females, 1 male and 1 fish 

with intersex gonads (Table 1). In contrast, both samples from the 
contained significant numbers of males (3 and 10) and fish with intersex 
gonads (8 and 7). The frequency of 46.7% obtained after pooling the num- 
bers of intersex and male gonads from both samples was not significantly dif- 
ferent from an expected 50% ratio. The pooled frequency of males in the FS 
group was 38.3%. This deviation from the 50% ratio was due to the removal 
of males during the rearing period. Fish with intersex gonads were not found 
in this group. 

Gonadal development offemales 
There were no significant differences in mean body weight between females 

groups at 13 mont s (Table 2). The relative increase 
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TABLE I 

Frequencies of female, intersex and male gonads, and frequencies of gonads containing yellow eggs, 
in randomly sampled fish from the FS, 2PB and EM groups. Fish were sampled at age 13 months 
(sample I ) and at 19 months (sample 2) 

Group Sex 13 Months 19 Months Total’ Yellow eggs* G cecn eggs 
N N N % N % N % 

FS ? 20 17 37 61.7 9 24.3 28 75.7 
?/6 0 0 0 0 0 
d 10 12 22 38.3 

2PB $? 28 28 56 93.3 0 0 56 100.0 
?/d 1 1 2 0 2 
d 1 1 2 6.7 

EM 19 
z/d 8 

13 32 53.3 20 53.2 12 46.8 
7 15 5 10 

d 3 10 13 46.7 
- 

‘Percentages were calculated fr;lm pooled values of male+intersex gonads. The frequencies of males 
and intersexes in the FS and EM groups were not significantly different from a 502 ratio according 
to the Chi-square test (PC 0.05 ). 
“Values are from pooled saml:i<. s. Percentages were calculatr d from pooied values of female + intersex 
gonads. The frequencies of gL:rzads with yellow e !:t:h :yere R:C 1 significantly different from a 25% ratio 
( FS group) or 500A, ratio ( EivX group) according to the Ct.i-sBquare test (PC 0.05 ). 

in body weight between s imples was less for fish from the EM group than for 
fish from the 2PB or the FS groups, resulting in a significantly lower body 
weight at 19 months for this group. 

There were significant differences in gonadal development between exper- 
imental groups. Fish from the FS group had significantly lower gonad weight 
and GSI than gynogenetic fish at 13 months after hatching. At 19 months, the 
EM group had a significantly lower mean gonad weight than the 2PB group, 
while differences between the FS and 2PB groups and between the FS and 
EM groups were not significant. There were no significant differences for mean 
GSI between groups at 19 months. Between sample 1 and 2, the FS group 
realised the largest increment in GSI (97.6%), followed by the 2PB group 
(58.2%) and the EM group (27.1%). 

The gonads of females from the 2PB and FS groups were comparable in 
composition upon histological examination. At 13 months after hatching they 
contained numerous pre-vitellogenic oocytes (stage I-III) and only a few vi- 
tellogenic oocytes (yolk formation stage I’,‘-VI; Horvath, 1985). Post-vitel- 
logenic (yolky ) oocytes comprised 18.6% to 22.1% of the oocytes present 
(Table 2). At this age, the increase in gonad weight was partly due to an in- 
crease of post-vitellogenic eggs. At 19 months ovaries of FS and 2PB fish con- 
tained between 20% and 50% post-vitellogenic oocytes, but 2PB fish s 
a larger variation in both gonad weight and number of post-vitellogenic eggs 
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TABLE 2 

Means and coeffkients of variation of various morphological parameters for females in random sam- 
ples from the FS, 2PB and EM groups, and the relative increase for the mean of these parameters 
between samples (a% ) ’ 

Parameter Group Sample 1 ( 13 ) months) 

mean s.d. cv 

Sample 2 ( 19 months) 

mean s.d. cv 

a% 

Body weight 
(g) 

Ovary weight 
(g) 

GSI 

Post vit. eggs 
(Oh) 

Egg size 
(N/g) 

FS 
2PB 
EM 

FS 
2PB 
EM 

FS 
2PB 
EM 

ES 
2PB 
EM 

FS 
2PB 
EM 

786.9 225.3 28.6 1353.0”b 285.7 21.1 71.9 
810.8 337.8 41.7 1 598.0b 525.8 32.9 97.1 
754.5 226.8 30.1 1164.1= 448.0 38.5 54.3 

72.8” 43.3 
107.6”b 66.0 
101.6b 48.5 

9.3” 4.0 43.0 18.3 3.0 16.4 97.6 
11.9b 4.9 41.2 18.9 4.3 22.8 58.2 
1 3.4b 5.2 38.8 17.0 6.9 40.6 27.1 

18.6” 7.4 
22.1” 11.2 
9.gb 7.0 

2094” 550 
2273ab 897 
2642b 778 

59.5 247.gab 
61.3 29 1 .Ob 
47.7 209.5” 

63.6 25.7 240.6 
124.5 35. I 170.5 
102.2 59.4 106.7 

39.8 29.0” 4.7 16.2 56.2 
50.7 31.3” 8.0 25.6 41.6 
70.7 18.0b 12.0 66.7 80.8 

26.3 1378 
39.5 I368 
29.5 I586 

157 11.4 - 34.2 
201 14.7 -42.0 
480 30.3 -40.0 

’ Means for group s within a sample with common superscripts were not significantly different accord- 
ing to Wilcoxon’s two-sample test (P~0.05). Coeffkient of variation was calculated as (s.d./ 
mean) X 100. The relative increase between samples was calculated as: (mean sample 7 -mean sam- 
ple I )/(mean sample I ). 

compared to FS fish. Gonadal development of females could be c 
as normal or retarded. Normally developed o es were similar to 
FS and 2PB fish. Retarded ovaries contained a large number of vi! 
oocytes and only a few post-vitellogenic oocytes ( < 5%). At 19 mom 
difference between normal and retarded gonads was even more pronounced. 
Retarded gonads still contained less than 15% post-vitellogenic oocytes, de- 
spite their often large size. 

There was also a significant difference in egg size between the E 
groups at 13 months, but at 19 months this difference had appeared. There 
was a considerable increase in egg weight between samples 
females from the FS group possessed gonads with yellow eggs 
Such gonads d not occur in the 2 group but in the E group 20 females 
and 5 intersex 
yellow eggs in group (53.2%) an 
not significantly different from a 50% or 25% ratio, respectively. 
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The coefficient of variation decreased between samples for all parameters 
for both the FS and 2PB groups but increased for fish from the EM group. At 
19 months, CV was largest for the EM group, followed by the 2PB group, and 
smallest for the FS group. 

Gonadal development of males and intersexes 
EM males (i.e. no intersex gonads) were significantly smaller than FS males 

and possessed significantly smaller testes (Table 3 ). The relative rate of in- 
crease for these characters was larger for EM males than for FS males. There 
was also more variation in size and testis weight between males of the EM 
group when compared to FS males. Testes of FS males all contained large 
tubuli seminiferi, filled with spermatozoa, whereas testes from EM males were 
less developed, containing only mature cysts which were occasionally fused. 
Fish with intersex gonads were comparable to females with respect to mean 
body weight (Tables 2 and 3 ), but gonad weight and GSI were highly vari- 
able. All intersex gonads were characterized by clearly demarcated areas of 
testicular and ovarian tissue. The ratio of male to female tissue varied from 
10 : 90 to 90 : 10 in both samples. Testicular development was comparable to 
testis development in EM males while ovarian tissue was usually inhibited, 
containing mainly vitellogenic and atretic oocytes. 

Ovulation response 
All selected FS fish were females, but 2 intersexes were found in the 2PB 

group. Fish from the EM group consisted of 20 females and 16 males and 
intersexes (Table 4). Only t FS fish ovulated after receiving a control dose of 
0.8 mg cPS. All I2 FS fish and 8 2PB fish were stripped after injection with 

TABLE 3 

Means and cseflicients of variation for various morphological parameters of males in random sam- 
ples from the FS and EM groups, and the increase for these parameters between samples (13%) 

Parameter Group Sample 1 Sample 2 a% 

mean s.d. CV mean s.d. cv 

Body weight FS 676.9* 115.5 17.5 ! 296.0* 174.9 13.5 91.5 
(g) EM 378.6 201.4 53.2 808.4 286.6 35.5 113.5 

Testis weight FS 43.9* 17.1 39.0 135.4* 43.0 31.8 208.8 
(g) EM 15.3 9.4 61.4 63.5 43.0 67.7 314.4 

GSI FS 6.5 2.0 30.8 10.5* 3.1 29.8 63.2 
EM 4.1 2.2 53.6 7.6 5.3 69.6 83.3 

*Mean values for groups within a sample were significantly different according to Wilcoxon’s two- 
sample test (PcO.05). For further explanation see Table 2. 
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1.6 mg cPS. Two 2PB fish ovulated before receiving a booster dose and 2 fish 
did not ovulate. The ovulation response of FS fish was significantly higher 
(60.5 & 19.3) than that of 2PB fish (40.4224.4) at this dose. Fish injected 
with 3.2 mg reacted in a comparable way. Eleven FS and 7 2PB fish were 
strippable while 1 FS and 2 2PB fish were not. Two 2PB fish ovulated before 
the booster injection. Of the 20 EM fish only 6 responded. One fish died dur- 
ing the experiment, 2 fish ovulated before the booster and 10 fish did not 
react. One fish ovulated but could not be stripped due to malformation of the 
gonadal duct. 

The ovulation response was not significantly different between FS fish and 
2PB fish. but significantly higher when compared to EM fish (Table 4). Ova- 
ries of non-responding FS and 2PB females were normally developed and 
showed signs of maturation, i.e., germinal vesicle migration and germinal ve- 
sicle dissolution. In contrast, ovaries from EM females that did not ovulate 
after treatment were all retarded in development and similar to the gonads 
already described. 

Fertility 
There were no significant differences in fertilization rates between egg sam- 

ples from EM, 2PB and FS fish (Table 5). There was a large variation in 
fertilization rates of eggs from 2PB fish. FS eggs fertilized with EM milt yielded 
significantly more normal fry than any other group. Yields of normal fry were 
highly variable in FSx FS and 2PB xFS batches when compared to crosses 
with EM eggs or milt. There were no significant differences in rates of de- 
formed fry. Rates of deformed fry were highly variable in FS x FS batches. 

TABLE 5 

Survival (%) of embryos 24 h after hatching, and yields of normal and deformed fry 96 h after hatch- 
ing, from crosses between FS, 2PB and EM females, and FS and EM males. Fish were induced to 
ovulate by injection with carp pituitary suspension (3.2 mg cps/kg: see also Table 4)’ 

cross N 24 h survival 96 h survival 96 h survival 
embryos normal fry deformed fry 

mean (s.d.) mean (s.d. ) mean (sad. ) 

FSxFS I1 92.3 (5.3) 79.8 (10.4) 10.2 (8.4) 
2PBxFS 7 83.7 (20.7) 73.5 (21.7) 3.8 (2.5) 
EMxFS 6 92.3 (3.6) 80.9 (3.6) 3.7 (2.6) 
FSxEM 9 93.6 (4.7) 88.8* (4.8) 2.1 (1.7) 

‘One EM female did not produce sufiicient eggs and was excluded from this experiment. Mean sur- 
vival was calculated from total incubated eggs. 
*Yield of normal fry was significantly different according to Duncan’s multiple range test. 
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DISCUSSION 

Recessive genes 
Im the present study, homozygosity for part of, or the entire genome, led to 

the disclosure of hidden recessive genes. This phenomenon wi.11 be discussed 
first. The most striking effect caused by a single gene was the occurrence of 
46.‘7% males and intersexes in the EM group. In common carp, males are 
thought to be XY and females XX since conventional breeding consistently 
pro’duces 50% males while gynogenesis produces female offspring only (Nagy 
et al., 1978; Komen, unpublished results). Nevertheless, intersexes and males 
have occasionally been found in heterozygous gynogenetic offspring (Gomel- 
skii et al., 1978). We recently discovered that the males and intersexes, as 
found in the present study, are in fact the result of homozygosity for a reces- 
sive mutation which we have termed mas-1 (Komen and Richter, 199 1). 
Normal female sex differentiation is restored in heterozygous offspring from 
XX; mas-1 /ma.+ 1 males crossed with XX; mas-+ /mas-+ females, but 
crossing a mas- 1 /ma+ 1 male with a hcterozygous mas- 1 /ma+ + female pro- 
duces 50% males and intersexes (due to incomplete genetrance) in the off- 
spring (Komen and Richter, in press). 

In retrospect, the selected female progenitor used in the present study was 
heterozygous for mas- 1. The near absence of males and intersexes in the 2P 
group argues for a high degree of heterozygosity for mas- 1 in this group. 

Another new mutant, discovered in this study, was termed yellow eggs (ye). 
Yellow eggs are occasionally observed in various cyprinid species, but the 
mode of inheritance was unknown. The frequencies for yellow eggs observed 
for the FS and EM groups (24.3% and 53.2%) are consistent w 
recessive inheritance for this trait, while the absence of yellow 
offspri ’ dicates 100% heterozygosity for ye in this group. 

The of heterozygosity found for mas-1 and ye are typical of 2P 
offspri mon carp and several other fish species, and are caused by 
high levels of chiasma interference in a number of, or all, chromosomes, re- 
sulting in a single obligatory cross-over during meiosis that is not preferen- 
tially distally located (Thorgaard et al., 1983; Thompson and Scott, 1984; 
Streisinger et al., 1986). For those genes located distally from these cross- 
overs, 2PB offspring remain heterozygous, and thus identical. A similar con- 
clusion was drawn when the rejection times of skin allografts exchanged within 
F§, 2PB and EM groups of carp were compared (Komen et al., 1990). Graft 
rejection was considerably delayed in the 2PB group in comparison with the 
FS or EM groups, indicating a high degree of genetic similarity for 2P 

Inbreeding and gonadal development 
Gynogenetic inbreeding results in a loss of heterozygous genotypes and an 

increased frequency of homozygous genotypes representing more extreme 
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phenotypic values (Falconer, 198 1). According to Taniguchi et al. ( 1990), 
this increase in phenotypic variance can be estimated by the formula 
I$= 2 x Vg+ Ve for EM gynogenetic offspring, and V,= ( 1 -F) x Vg+ Ve for 
2PB offspring. In this study a considerable increase in phenotypic variation 
was noted for body weight and gonad weight for 2PB and EM offspring. The 
variation between individuals with respect to gonad size and percentage of 
post-vitellogenic eggs increased with increasing levels of inbreeding (Fig. 1 a, 
lb and lc). Furthermore, for EM fish, both body weight and gonadal devel- 
opment were significantly depressed. These findings are in agreement with 
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Fig. I. The relationship between the relative presence of post-vitellogenic eggs (%) and gonad 
weight in randomly sampled females from (a) the FS group, (b) the 2PB group and (c) the 
EM group at 13 months ( A ) and 19 months ( Cl ) after hatching. 



GYNOGENESIS IN COMMON CARP 63 

60 
(cl 

0 
40 - 

0 

3 3 30 - d 0 

E?l 
P no 

3 20 - 
5 A 

’ A q 

a 0 AA A 0 

a 
10 

AA 0 

A 0 0 

-t-J ” ’ 

‘oA 'A 
A Aa 

a 
-0 100 200 300 

Ovary weight (g) 

400 500 600 

those of Taniguchi et al. ( 1990) and Sumantadinata et al. ( 1990) who mea- 
sured various meristic characters in 2P gynogenetic ayu and com- 
mon carp. 

In the case of gonadal development and maturation in common carp, the 
results indicate dominance for early maturation and high gonad weight. 
the platy-fish (Xiphophorus maculatus) the onset of vitellogenesis and gona- 
da1 maturation is controlled by a single locus with multiple alleles. Late ma- 
turation is dominant over early maturation (Kallman and orkoski, 1978; 

Schreibman and Kallman, 1977). Incomplete dominance for late maturation 
and low gonad weight has also been demonstrated for crossbreds of early ma- 
turing Chinese “Big Belly” carp with various late maturing European strains 
(Hulata et al., 1974, 8,985). owever, the reduced mean and ixreased vari- 
ation in gonadal developme in the EM group is partly caused by impaired 
vitellogenesis in nearly half the EM fish (Fig. lc). It is not clear whether this 
impaired vitellogene!Gs simply represents an extreme phenotypic value or 
whether one or more unmasked recessive deleterious genes is involved. 

Inbreeding and fertility 
Classical effects of inbreeding were found in the fertility test. The ovulation 

response was significantly reduced with increasing levels of inbreeding while 
the number of non-responders in the 2PB and EM groups cle 
reduced sensitivity to hormone treatment. The results of the 
however, biased by the presence of fish expressing impaired vitellogenesis (6/ 
11). 

The results of the various crosses between FS, 2P fish demon- 
strated the presence of deleterious mutations of genes involved in embryo 
development in crosses involving FS and 2P fish. Apparently such genes 
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remained heterozygous and thus escaped selection by mortality in 2PB off- 
spring. A similar phenomenon was noted by Nagy ( 1987) who detected high 
levels of embryo malformations in crosses involving female carp from a third 
gynogenetic generation. Homozygous gynogenetic fish are essentially free of 
recessive lethals as was demonstrated in this study by a significantly higher 
yield of normal fry and very few malformations in crosses involving EM ani- 
mals. However, embryos were less viable in crosses involving EM eggs com- 
pared to crosses where EM milt was used. Apparently maternal effects caused 
by inbreeding depression in the mother affect egg quality and thus yields of 
offspring to some extent. Such maternal effects probably also account for the 
failure to demonstrate increased yields of gynogenetic or androgenetic fry from 
homozygous parents (Streisinger et al., 198 1; Thorgaard et al., 1983; Komen 
and Richter, in press). 

In conclusion, these results do not justify the use of 2PB gynogenetic fe- 
males for the production of homozygous gynogenetic fry by endomitosis, as 
was suggested by Chourrout ( 1987 ). We suggest, on the contrary, the use of 
crossbred females from two distinct strains for this kind of gynogenesis. Not 
only are the eggs of such females more viable and more uniform in quality, 
leading to more consistent yields of homozygous gynogenetic fry (Komen et 
al., 199 1 ), but the homozygous offspring will also present a much larger pool 
of genetic variation from which to select prospective inbred strains. Selection 
for age at maturation and proportional gonad weight will be feasible but ma- 
ternal effects, which persist in homozygous clones, should be carefully as- 
sessed. Eventually, crossbreeding experiments involving many inbred strains 
will allow for the selection of superior Fl hybrids for commercial use or as 
standardized experimental animals, 
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